Nine populations of the grasshopper Phaulacridium marginale were investigated cytologicaliy.
INTRODUCTION
THE existence of cytological polymorphisms for extra heterochromatin, present either as supernumerary chromosomes or as extra segments on otherwise normal autosomes, has been demonstrated in many species of plants and animals (White, 1954; Nur, 1961; Lima-de-Faria, 1963; Battaglia, 1964; John and Hewitt, 1 965a, b, 1966, 1969) . Detailed studies have shown that this extra heterochromatin may be maintained in a species over considerable periods of time (Muntzing, 1954; Lima-de-Faria, 1963; Westerman, 1969; John and Hewitt, 1970) , the selective advantage of such polymorphisms being most probably through their positive and causative role in the regulation of recombination. The actual mechanism by which such an effect is mediated is at present unknown.
To date studies on polymorphisms for supernumerary heterochromatin have been confined to species containing either B's or segments since few species have been described as containing both and then only at low frequencies (Hewitt and Schroeter, 1968; Nur, 1969; Hewitt and John, 1971; Shaw, 1971) . A meaningful comparison of the modes of action and their possible synergism can however be made only by using an organism in which both types of polymorphism occur at relatively high frequencies. Cytological examination of some specimens of Phaulacrdium marginale collected by Dr A.
Mesa and donated to one of the authors (P. G. F.) suggested that both B's and segments coexisted in the same individual. A preliminary population survey was therefore carried out to ascertain how widespread the phenomenon was. 223 
MATERIALS AND METHODS
Phaulacridium marginale is a brachypterous grasshopper common throughout New Zealand in open grasslands below 1000 m. (Bigelow, 1967) . The species has no close relatives in New Zealand, its closest relative being Ph. vittatum of Australia from which it is thought to be reproductively isolated (Bigelow bc. cit., p. 109).
During the 1972 meiotic season, samples were taken from nine populations from the southern half of South Island ( fig. 1 ), 20 young adult males being taken wherever possible. Testes were dissected out in insect saline and fixed in 1:3 acetic alcohol, each body and testis being numbered and kept for later reference. Squash preparations in lactopropionic orcein were made from each testis and the karyotype and chiasma frequency recorded. all telecentric and can be divided into three groups on the basis of length L1_3, M4_8 and S11 (see fig. 2 ). During meiotic prophase the centromeric end of each bivalent is marked by a distinct heterochromatic region.
TLE1
Mean cell chiasma frequencies of the karotypic classes present in tith Omarama population In one of the populations (OM), extensive polymorphism for supernumerary heterochromatin was observed. Eight of the 17 individuals sampled (47 per cent.) were found to carry one or more B chromosomes (see table 1 ). These B chromosomes were all of the same morphological type having a nearmedian centromere and being about half the size of the X chromosome. The two arms of the B chromosome were capable of pairing with one another and crossing over even when the chromosomes were present as univalents and did so frequently. Formation of ring univalents (see fig. 3a ) implies at least partial genetic equivalence of the two arms which are probably iso-chromosome derivatives produced by mis division. When two or more B's were present, these could pair together to form bivalents (see fig. 3b , c) but they by no means always did so ( fig. 3d ). During anaphase I the univalent B chromosomes move undivided to one pole or other, the direction of movement being random with respect to the univalent X chromosome or to other univalent B's ( fig. 3e ,f). The supernumerary chromosomes in this population of Phaulacridium marginale thus appear similar to those already described in M. maculatus by John and Hewitt (icc. cit.) . It is of interest to note that the morphology of the B chromosomes from 31/2-P the Omarama population of South Island is different from that described from samples of the same species taken from North Island (Martin I 970a, b) .
In the Wellington population the B is described as being telocentric with a small proximal heterochromatic region separated by a region of euchromatin from a larger more distal block of heterochromatin. No B ring univalents were described by Martin. Sampling from a larger number of populations should ascertain whether the two types of B chromosome are really different or merely derived one from the other by inversion. Jackson and Cheung (1967) have reported B chromosomes in Phaulacridium vittatum which are also telocentric in nature. Coincident with this polymorphism for B chromosomes the Omarama population was also found to contain supernumerary heterochromatic segments on the three smallest chromosomes As with those described already in Chorthippus parallelus (John and Hewitt, 1966, 1969; Westerman, 1969 Westerman, , 1970 , these extra segments were terminal (see figs. 3c and 4a-c), and represent an addition of from 30 to 50 per cent. more material to that normally present in these chromosomes. The segments were positively heteropycnotic from zygotene to diakinesis and at anaphase I invariably divided equationally. The distribution of the karyotypic classes is shown in table I. Whilst no firm conclusions can be drawn owing to the small sample size, it would appear that the observed frequencies of the S and S karyotypes are in agreement with those expected on a Hardy-Weinberg distribution (q9 = 0794l; q10 = 06l 76).
Two individuals were found also to be heterozygous for extra heterochromatic segments on the smallest autosome, Sn. The metaphase orientation was such that this unequal bivalent invariably moved reductionally at first anaphase and equationally at second (see fig. 4d ). This behaviour suggest that the segment may be proximal or interstitial in location and that a single chiasma is formed in the short distal segment. A similar unequal bivalent has been described from another population of Ph.
marginale (Martin bc. cit.) .
In spite of the heterochromatic nature of both the B chromosomes and the extra segments and the known propensity for such material to associate, these extra elements were in no case seen to associate either specifically or non-specifically. It would appear therefore that the origin of the extra segments from translocated pieces of B chromosome material is unlikely (see also Shaw, 1971 ).
b. Chiasma frequencies
The chiasma frequency data for the nine populations are summarised in table 2. An analysis of variance on the mean cell chiasma frequencies showed that the populations differ significantly from one another for this metric (table 3a) . No significant difference between populations was observed for between-cell variance (table 3b). Plotting population means against various environmental parameters such as rainfall however revealed no significant correlations. Three of the population means (OM, GG and NR) appear to be higher than the others. The nine population means were therefore compared using Duncan's new multiple range test (see Steel and Torrey, 1960, p. 107) . This test confirms that the OM and GG populations are significantly different from all others, but not from each other; whilst the Mesa at OM, now in the Australian National Insect Collection in Canberra were also small, thus indicating that the size difference of the OM population at least, is constant over time. Although Bigelow (1967) has stated that the taxonomic significance of variation in Phaulacridium maginale requires further study, he does not favour recognition of more than one species at this time. Should further collections reveal consistent differences in size and habitat preference, then the taxonomic status of Ph. marginale as a single species must be called into question, especially if any differences are confirmed by laboratory breeding experiments.
Previous studies on B chromosomes and extra segments have revealed that both types of supernumerary heterochromatin influence not only the total number of chiasmata formed but also their distribution (John and Hewitt, 1965a, b, 1966; Cameron and Rees, 1967; Jones and Rees, 1967; Hewitt and John, 1968; Westerman, 1969 Westerman, , 1970 Zeevi and Paunovh, 1969; Shaw, 1970; Simchen et al., 1970) . Evidence on the mode of action of B's and segments is equivocal, with some workers claiming threshold effects (John and Hewitt, 1966, 1969) and others claiming dosage effects (Westerman, 1969; Zeevi and Paunoviá, 1969; Shaw, 1971) . Owing to the small number of individuals sampled from the Omarama population and to the large number of karyotypic classes consequent upon the extensive polymorphisms, no meaningful conclusions can be drawn for the effect of the extra heterochromatin on chiasma formation. Martin in 91 individuals sampled from Wellington claims no influence of the telocentric B chromosome on chiasma number.
Whether or not B chromosomes and extra segments influence chiasma frequency in the same manner is unknown at present and comparisons are difficult particularly because the two types of polymorphism are usually studied in different species. Large samples taken from populations such as OM where most individuals carry both B's and segments, should allow an analysis of their behaviour in the same genetic background and reveal any synergistic effects. Such a collection is in hand.
